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A novel architecture based upon multi-walled
carbon nanotubes and ionic liquid to improve the
electroanalytical detection of ciproﬁbrate†
Fernando Campanha˜ Vicentini,a Amanda Elisa Ravanini,a Tiago Almeida Silva,a
Bruno C. Janegitz,b Valtencir Zucolottob and Orlando Fatibello-Filho*a
Voltammetric studies have been carried out using a glassy carbon electrode (GCE) modiﬁed with multi-
walled carbon nanotubes (MWCNTs) and the ionic liquid 1-butyl-3-methylimidazolium chloride (IL).
Studies on the electrochemical properties of GCEs modiﬁed with MWCNTs and IL within diﬀerent
polymeric ﬁlms (dihexadecylphosphate (DHP), Naﬁon, and chitosan (CTS)) were performed using a
[Fe(CN)6]
4/3 electrochemical probe. The modiﬁed GCE with diﬀerent polymeric ﬁlms was also tested
for ciproﬁbrate (CPF) sensing in the presence and absence of IL in the ﬁlm. The presence of IL and the
MWCNTs improved the electrochemical response for CPF in all cases due to a synergic eﬀect, and the
IL-MWCNTs-DHP/GCE showed a great voltammetric proﬁle for CPF detection. The IL-MWCNTs-DHP/
GCE and diﬀerential pulse voltammetry (DPV) were used for the determination of CPF. An analytical
curve was obtained for CPF in the concentration range of 2.50  107 to 7.41  106 mol L1 with a
detection limit of 9.20  108 mol L1. The proposed DPV method was successfully applied for CPF
determination in pharmaceutical samples, and the results obtained agree with the results obtained using
a spectrophotometric method at a conﬁdence level of 95%.
1. Introduction
An ionic liquid is dened as a compound that is liquid at a
temperature lower than 100 C and is composed entirely of ions.
Its physico-chemical properties are relevant for technological
applications such as high thermal and electro-chemical
stability, excellent electric conductivity, and low vapour chem-
ical pressure.1–3 In the eld of electrochemistry, intense eﬀorts
have been made to develop new technologies using ionic
liquids, which include batteries,4,5 fuel cells,6,7 capacitors,8–10
sensors,11–13 and biosensors.14
Carbon nanotubes are a class of nanomaterials whose appli-
cability in electrochemistry, especially in electroanalysis, is very
well established.15–20 When carbon nanotubes are used as a
modier of traditional electrodic surfaces (e.g. glassy carbon
electrode (GCE)21,22) or even as the electrode material (e.g. carbon
nanotube paste electrode18,19,23), two eﬀects can be generally
observed:24,25 (i) work potential is reduced, making it possible to
detect analytes at a lower potential where interferences from
concomitant compounds decreases and, thus, improves the
selectivity of the sensor; and (ii) the peak current (analytical
signal) increases due to high electroactive surface area provided
by the nanomaterial, which improves the analytical parameters
such as the detection limit and analytical sensitivity.
The combination of ionic liquids (IL) and carbon nanotubes
in the construction of modied electrodes can oﬀer unique
advantages due their synergistic eﬀect.26,27 Tao et al.28 reported a
voltammetric procedure for estradiol determination using a
glassy carbon electrode (GCE) modied with multi-walled
carbon nanotubes (MWCNTs) and the ionic liquid 1-butyl-3-
methylimidazolium hexauorophosphate ([bmim]PF6). This IL
improved the electrocatalytic properties of the MWCNTs/GCE
for estradiol detection. This eﬀect has been attributed to
increased uniformity of the MWCNTs lm on the GCE surface
in the presence of the ionic liquid, which increases the number
of MWCNTs electroactive sites exposed to the “cation–p”
interactions with the ionic liquid and the accumulation of the
analyte molecule on the electrode surface from the hydrophobic
ionic liquid-estradiol molecule interaction.28 Similar results
were observed by Wang et al.,29 Gurban et al.,30 Chen et al.,31 and
Vicentini et al.14 for the determination of NADH, endocrine
disrupters, bisphenol A, and catechol.
Ciprobrate (CPF; Fig. 1) is a brate class drug that prevents
coronary heart disease by reducing the levels of triglycerides
and cholesterol in the plasma.32,33Obviously, rigorous control of
CPF levels in pharmaceutical formulations is necessary for the
aDepartment of Chemistry, Federal University of Sa˜o Carlos, Rod. Washington Lu´ıs km
235, P. O. Box 676, Sa˜o Carlos, 13560-970, SP, Brazil. E-mail: bello@ufscar.br; Fax:
+55 16 33518350; Tel: +55 16 33518098
bNanomedicine and Nanotoxicology Group, Physics Institute of Sa˜o Carlos, University
of Sa˜o Paulo, 13566-390 Sa˜o Carlos, SP, Brazil
† Electronic supplementary information (ESI) available. See DOI:
10.1039/c4an00861h
Cite this: Analyst, 2014, 139, 3961
Received 12th May 2014
Accepted 14th May 2014
DOI: 10.1039/c4an00861h
www.rsc.org/analyst
This journal is © The Royal Society of Chemistry 2014 Analyst, 2014, 139, 3961–3967 | 3961
Analyst
PAPER
Pu
bl
ish
ed
 o
n 
15
 M
ay
 2
01
4.
 D
ow
nl
oa
de
d 
by
 U
N
IV
ER
SI
D
A
D
 S
A
O
 P
A
U
LO
 o
n 
30
/0
7/
20
14
 2
0:
10
:4
6.
 
View Article Online
View Journal  | View Issue
eﬀective treatment of patients with this important compound.
Therefore, accurate analytical methods are required for quality
control of this drug. In this regard, electroanalytical techniques
stand out as promising options since they oﬀer good accuracy,
precision of measurements, operational simplicity, and low
costs.22,34 Moreover, these techniques allow for the establish-
ment of simple and fast analytical procedures, reducing or
eliminating the pre-stages of sample preparation, which are
necessary in other proposed CPF detection procedures such as
capillary electrophoresis32 and high-performance liquid chro-
matography (HPLC).35,36 Only one voltammetric procedure is
reported for CPF sensing, using a GCE modied with carbon
nanotubes within a poly(allylamine hydrochloride) lm.37 In
this report, the analytical curve was linear in the CPF concen-
tration range from 1.33  105 to 1.32  104 mol L1, with a
detection limit of 8.34  106 mol L1.
Here, we propose a new method for CPF detection using a
GCE modied with MWCNTs and the IL 1-butyl-3-methyl-
imidazolium chloride within a dihexadecylphosphate (DHP)
lm. The novel architecture improved signicantly the electro-
analytical detection of ciprobrate.
2. Experimental
2.1. Reagents and solutions
CPF, 95% MWCNTs (20–30 nm in diameter, 1–2 nm thick, and
0.5–2 mm in length), 1-butyl-3-methylimidazolium chloride (IL),
DHP, Naon® 5% (w/v), and CTS of low molecular weight and
80% deacetylation degree were purchased from Sigma-Aldrich.
All the other chemicals used were of analytical grade. The solu-
tions were prepared using ultrapure water (resistivity > 18.0 MU
cm) obtained from a Millipore Milli-Q system (Billerica, USA).
Stock solutions of CPF were prepared in the supporting electro-
lyte (0.1 mol L1 phosphate buﬀer (pH 7.0)), which was prepared
using adequate amounts of NaH2PO4 and Na2HPO4.
2.2. Instrumentation
The electrochemical assays were performed using an Autolab
PGSTAT-30 (Ecochemie) potentiostat/galvanostat controlled with
the GPES 4.9 soware and using a three-electrode cell (15 mL):
modied GCE as the working electrode (Ø¼ 3 mm), Ag/AgCl (3.0
mol L1 KCl) as the reference electrode, and a Pt foil as the
auxiliary electrode. The comparative method for CPF determi-
nation (spectrophotometric method)38 was performed using a
Shimadzu UV-2550 spectrophotometer. Scanning electron
microscopy (SEM) images were obtained with a Supra 35-VP
microscope (Carl Zeiss), with an electron beam energy of 25 keV.
2.3. MWCNTs treatment and preparation of the modied
GCEs
The MWCNTs were initially treated with 2.0 mol L1 HCl solu-
tion to remove metallic particle impurities from the production
process. The MWCNTs were washed several times with ultra-
pure water until a pH z 7.0 was achieved. Next, the puried
MWCNTs were functionalised by acid treatment with concen-
trated HNO3–H2SO4 (3 : 1 v/v), and maintained under stirring
for 12 h at 25 C. Then, the suspension was centrifuged and the
MWCNTs solid was washed several times with ultrapure water
until a pHz 7.0 was achieved, and was then dried at 120 C for
6 h. This strong acid treatment promotes the generation of
functional groups, such as carboxyl, hydroxyl, quinone, nitro,
and amino, on the surface of the MWCNTs.18,39–42
The GCE was carefully polished to a mirror nish with 0.3
and 0.05 mm alumina slurries and rinsed thoroughly with
ultrapure water. Then, it was sonicated in isopropyl alcohol and
ultrapure water for about 5 min each, and then dried at room
temperature.
Fig. 2 shows a schematic of the steps for the preparation of
the modied GCE with IL and MWCNTs within diﬀerent lms.
The rst modied electrode was prepared using DHP.We added
1.0 mg MWCNTs, 1.0 mg DHP, and 5.0 mg IL to 1.0 mL 0.1 mol
L1 phosphate buﬀer solution (pH 7.0), and ultrasonicated the
mixture for 30 min to give an IL-MWCNTs-DHP black
dispersion.
The second procedure for the GCEmodication was performed
using Naon. A similar procedure to the previous one was per-
formed but we replaced the DHP with 1.0 mL of 0.5% (w/v) Naon
Fig. 1 Molecular structure of ciproﬁbrate.
Fig. 2 Schematic representation of the electrode preparation.
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solution, which resulted in a black suspension containing 1.0 mg
MWCNTs, 0.5% (w/v) Naon, and 5.0 mg IL per mL. It was ultra-
sonicated for 30 min to give an IL-MWCNTs-Naon black
dispersion.
The third method employed CTS lm for the modication of
the GCE. The CTS stock solution (1.0% w/v) was prepared accord-
ing to a previously described procedure.43 Then, 1.0 mg MWCNTs
and 5.0mg IL were added to a 1.0mL CTS solution (1.0%w/v), and
then ultrasonicated for 30 min to give an IL-MWCNTs-CTS stable
black dispersion. Next, 8 mL of each dispersion was cast onto the
surface of the three distinct GCEs (each GCE with their respective
dispersion) and the solvent was allowed to evaporate at 25 C for
2 h to give diﬀerent modied GCEs: IL-MWCNTs-DHP/GCE,
IL-MWCNTs-Naon/GCE, and IL-MWCNTs-CTS/GCE.
2.4. Analytical procedure
The diﬀerent modied electrodes were electrochemically charac-
terised using the [Fe(CN)6]
4/3 probe. Next, the IL-MWCNTs-
DHP/GCE, IL-MWCNTs-Naon/GCE, and IL-MWCNTs-CTS/GCE
were tested for their ability to detect CPF using diﬀerential pulse
voltammetry (DPV). Aer selecting the best electrode for CPF
determination, the experimental parameters of the DPV tech-
nique (scan rate, amplitude, and pulse time) were optimised.
Then, using the optimal experimental conditions, the analytical
curve for this analyte was obtained from the successive addition
of aliquots of the CPF stock solution into the electrochemical cell
containing 10 mL of 0.1 mol L1 phosphate buﬀer solution (pH
7.0). The detection limit was calculated using the relationship
ratio 3 signal/noise (i.e. CPF concentration where the peak current
is 3 times the peak current obtained for the blank solution).44
Pharmaceutical samples containing CPF were purchased
from a local drugstore and subjected to a simple and fast
sample preparation step before being analysed by the voltam-
metric procedure. To prepare these samples, 10 tablets of each
sample were weighed and macerated to a powder in a mortar
and pestle. A suitable amount of each sample was weighed,
transferred to a 10 mL volumetric ask, and the volume
completed with 0.1 mol L1 phosphate buﬀer solution (pH 7.0)
in order to obtain the respective CPF working solutions for each
sample. The samples were then subjected to sonication for 10
min. The non-dissolved excipients were separated from the
solution by ltration using lter paper. Appropriate aliquots of
each working solution were directly transferred to the electro-
chemical cell and the respective voltammograms were recorded.
The CPF concentration of each sample was determined in
triplicate using the analytical curve previously obtained.
3. Results and discussion
3.1. Morphological analysis of MWCNTs in the presence of
IL
Fig. 3 shows the SEM images of (a) MWCNTs and (b)
IL-MWCNTs. Fig. 3(c and d) are the SEM images of MWCNTs
and IL-MWCNTs obtained at high resolution. In the absence of
IL, the MWCNTs are heavily entangled, forming a typical
agglomerative structure. However, the SEM recorded for the
MWCNTs in the presence of IL (Fig. 3b and d) shows the
formation of a material with gel aspect with MWCNTs wrapped
by the IL architecture. The IL reduces the agglomeration of the
nanotubes, which were more dispersed. The morphological
prole observed in this work for MWCNTs in the presence of IL
is in agreement with previous reports.29,45–47 The deagglomera-
tion of the MWCNTs in the presence of IL was also observed
from a comparison of background currents for GCE modied
with a CTS lm containing MWCNTs or IL-MWCNTs. The cyclic
voltammograms recorded for a 0.1 mol L1 KCl solution using
GCE, MWCNTs-CTS/GCE and IL-MWCNTs-CTS/GCE (Fig. S1,
ESI†) demonstrate a substantial increase in background current
in the presence of IL, indicating the deagglomeration of the
MWCNTs and increase of the exposed MWCNTs area.
3.2. Electrochemical behaviour of modied GCE with
IL-MWCNTs within diﬀerent lms
An electrochemical study of the diﬀerent polymeric lms used
for incorporating the IL and MWCNTs on the GCE surface was
performed using the redox couple [Fe(CN)6]
4/3 as the elec-
trochemical probe. A polymeric matrix was used for improving
the stability of the IL-MWCNTs lm on the GCE surface. Fig. S2†
shows the cyclic voltammograms (CV) recorded for the GCE,
IL-MWCNTs-DHP/GCE, IL-MWCNTs-Naon/GCE, and
IL-MWCNTs-CTS/GCE for a 1.0  103 mol L1 K4Fe(CN)6 in
0.1 mol L1 KCl solution. Table S1† shows the values of DEp and
anodic (ja) and cathodic (jc) current densities as well the elec-
troactive area (A) calculated for each modied electrode. The
DEp provides information regarding the electron transfer
kinetics through the electrode surface. A lower DEp value for the
redox couple [Fe(CN)6]
4/3 indicates a faster electron trans-
fer.48 The DEp values obtained for the diﬀerent electrodes
revealed that the [Fe(CN)6]
4/3 had a lower DEp (55.5 mV), and
completely reversible (near 59.2 mV) behaviour on the
IL-MWCNTs-DHP/GCE. This indicated that a better electron
transfer was obtained in this study using a DHP lm. On the
other hand, IL-MWCNTs-Naon/GCE (DEp ¼ 105.1 mV) and
IL-MWCNTs-CTS/GCE (DEp ¼ 79.3 mV) presented a quasi-
reversible behaviour for [Fe(CN)6]
4/3. In terms of kinetics,
Fig. 3 SEM images of (a and c) MWCNTs and (b and d) IL-MWCNTs.
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DHP is indicated for the incorporation of nanomaterials. In this
case, MWCNTs together with IL on the GCE surface form a
stable lm on this surface with a reduced electron transfer
blocking eﬀect.
An important feature of electrodes designed for electroana-
lytical purposes is the generated peak current. A comparison of
the ja and jc obtained for the diﬀerent modied GCEs
(Table S1†) revealed that these currents were higher for the
IL-MWCNTs-DHP/GCE and IL-MWCNTs-CTS/GCE electrodes.
The peak current is directly related to the electroactive surface
area. Cyclic voltammetry experiments at diﬀerent scan rates
(10–500 mV s1) were carried out and the electroactive surface
area for each electrode was calculated using the Randles–Sevcik
equation (eqn (1)):49
Ip ¼ (2.69  105)n3/2AD1/2Cv1/2 (1)
where Ip is the peak current (anodic or cathodic), n is the
number of electrons in the redox process, A is the electroactive
surface area (cm2), D is the diﬀusion coeﬃcient of [Fe(CN)6]
4
in a 0.1 mol L1 KCl solution (6.2  106 cm2 s1), C is the
[Fe(CN)6]
4 concentration in the bulk solution (mol cm3), and
v is the potential scan rate (V s1). In accordance with the peak
currents registered for the electrodes at 10 mV s1, the elec-
troactive surface area increased in the following order
(Table S1†): AIL-MWCNTs-Naon/GCE < AIL-MWCNTs-DHP/GCE <
AIL-MWCNTs-CTS/GCE. The dispersion for GCE containing Naon,
MWCNTs, and IL showed a decrease in electroactive area due to
the blockage of the GCE surface caused by the Naon polymer,
which decreased the electron transfer (higher DEp) because of
the repulsion between the sulphonic anionic groups and the
[Fe(CN)6]
4 anion. However, the electrodes that contained DHP
and CTS showed similar electroactive areas, and these elec-
trodes were suitable for the determination of CPF, as described
below.
3.3. Electrochemical behaviour of CPF on modied GCE
with IL-MWCNTs lms
Fig. 4(a–c) shows the DP voltammograms recorded for 1.0 
105 mol L1 CPF in 0.1 mol L1 phosphate buﬀer solution (pH
7.0) using the modied GCE with the diﬀerent polymer lms
containing IL-MWCNTs and MWCNTs. In all the voltammo-
grams, an anodic peak was detected in the range from +0.8 V to
+1.2 V, which was attributed to the oxidation of the CPF
aromatic ring and is in agreement with the literature.37 In all
cases, aer the combination of IL and MWCNTs, the peak
current increased signicantly and the peak potential suﬀered a
slight negative shi. This highlights the advantage of using IL
together with MWCNTs as a GCE modier for CPF detection. As
suggested by Vicentini et al.,14 this observation can be attributed
to the unfolding of MWCNTs, which is promoted by IL through
‘cation–p’ interactions between the imidazolium cation of the
IL and the p-electrons of the MWCNTs functionalised surface
(Fig. 5), increasing the number of exposed MWCNTs electro-
active sites.14,28
Fig. 4(d) shows the DPV recorded for 1.0  105 mol L1 CPF
in 0.1 mol L1 phosphate buﬀer solution (pH 7.0) using the
IL-MWCNTs-DHP/GCE, IL-MWCNTs-Naon/GCE, and
IL-MWCNTs-CTS/GCE. A higher peak current and lower peak
potential for the CPF oxidation was observed when the
IL-MWCNTs-DHP/GCE was used. Thus, the IL-MWCNTs-DHP/
Fig. 4 DP voltammograms obtained for 1.0  105 mol L1 CPF in 0.1 mol L1 phosphate buﬀer solution (pH 7.0) using: (a) MWCNTs-DHP/GCE
( ) and IL-MWCNTs-DHP/GCE ( ); (b) MWCNTs-Naﬁon/GCE ( ) and IL-MWCNTs-Naﬁon/GCE ( ); (c) MWCNTs-CTS/GCE ( ) and
IL-MWCNTs-CTS/GCE ( ); and (d) IL-MWCNTs-DHP/GCE ( ), IL-MWCNTs-Naﬁon/GCE ( ), and IL-MWCNTs-CTS/GCE ( ).
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GCE was selected for the development of the voltammetric
procedure for CPF determination. The lower peak current
obtained using the IL-MWCNTs-Naon/GCE was due to the
electrostatic repulsions between the sulphonic groups of Naon
and the carboxylate anions of CPF, which has a pKa of 3.61.
Moreover, the increasing analytical signal for DHP may be
explained by CPF partitioning into polymer phase because the
voltammetric measures showed in Fig. 4(d) were conducted
aer 60 s of agitation of the solution, and the increasing peak
current for DHP suggested a loading of the drug in the lm.
3.4. Determination of CPF using IL-MWCNTs-DHP/GCE by
DPV
DPV experimental parameters were optimised for CPF. Using a
1.0  105 mol L1 CPF solution in 0.1 mol L1 phosphate
buﬀer (pH 7.0), the following intervals were investigated for
each parameter; scan rate (1.0 mV s1 # v # 9.0 mV s1), pulse
amplitude (10 mV # a # 150 mV), and pulse time (20 ms # t #
70 ms). The optimal value for each parameter was selected
based on the condition that gave the highest anodic peak
current. The selected values for each parameter were: v ¼ 3.0
mV s1, a ¼ 75 mV, and t ¼ 50 ms.
Under the optimised experimental conditions, the analytical
curve for CPF was constructed using the IL-MWCNTs-DHP/GCE.
Fig. 6 shows the DP voltammograms recorded for diﬀerent CPF
concentrations in 0.1 mol L1 phosphate buﬀer (pH 7.0) and the
respective analytical curve. The analytical curve was linear in the
CPF concentration range from 2.50  107 mol L1 to 7.41 
106 mol L1 with the following linear regression equation: jp
(mA cm2) ¼ 0.24 + 1.84  106 [CPF] (mol L1; r ¼ 0.998). The
detection limit was 9.20  108 mol L1, as calculated using a
signal/noise ratio of 3.44
Table 1 shows the comparison between the analytical
parameters obtained in this work with those reported in the
literature. The linear concentration range was higher than the
spectrophotometric and DPV methods, and slightly lower than
the HPLC method. However, the detection limit was lower than
all the other procedures but still approximately 91 times lower
than the unique voltammetric method published to date. The
combination of IL and MWCNTs within a DHP lm, formed a
novel architecture and substantially improved the electro-
chemical CPF determination in comparison with our previous
report, where a GCE modied with carbon nanotubes within a
poly(allylamine hydrochloride) lm was used as sensor.37 The
proposed voltammetric method has a signicant advantage and
is a new breakthrough for CPF quantication.
The intra-day repeatability (n ¼ 5) of one IL-MWCNTs-DHP/
GCE was evaluated for 3.4  106 mol L1 CPF in 0.1 mol L1
phosphate buﬀer solution (pH 7.0). A relative standard devia-
tion (RSD) of 3.6% was obtained, thus indicating a good
stability of the lm. Moreover, the repeatability of the prepa-
ration of three diﬀerent IL-MWCNTs-DHP/GCE was investigated
Fig. 5 Illustration of the ‘cation–p’ interaction between IL and
MWCNTs after functionalisation. Note: in this illustration, for simplicity,
a single-walled carbon nanotube (SWCNT) was used in place of the
MWCNT.
Fig. 6 DP voltammograms obtained for diﬀerent CPF concentrations
in 0.1 mol L1 phosphate buﬀer solution (pH 7.0): (1) 0.00, (2) 0.25, (3)
0.79, (4) 1.19, (5) 2.15, (6) 4.03, (7) 5.66, and (8) 7.41 mmol L1. v ¼ 3
mV s1; a ¼ 75 mV; and t ¼ 50 ms. Inset: analytical curve.
Table 1 Comparison of the analytical parameters obtained for CPF
determination using the IL-MWCNTs-DHP/GCE with those from the
literature
Method
Linear
range (mol L1)
Detection
limit (mol L1) Reference
HPLC 8.65  107 to
1.73  104
2.42  107 36
Spectrophotometric 4.84  105 to
2.08  104
3.46  105 50
Voltammetric (DPV)a 1.33  105 to
1.32  104
8.34  106 37
Voltammetric (DPV) 2.50  107 to
7.41  106
9.20  108 This work
a CNTs-PAH/GCE: glassy carbon electrode modied with carbon
nanotubes within a poly(allylamine hydrochloride) lm.
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from the DPV measurements for 3.4  106 mol L1 CPF in 0.1
mol L1 phosphate buﬀer solution (pH 7.0), using electrodes
prepared on three diﬀerent days. In this study, a RSD of 1.8%
was obtained, indicating a high repeatability of the electrode
fabrication, which was likely due to the simplicity of their
preparation. Furthermore, the stability of the IL-MWCNTs-
DHP/GCE was evaluated by measuring its voltammetric
response for 3.4  106 mol L1 CPF in 0.1 mol L1 phosphate
buﬀer solution (pH 7.0). Aer 60 measurements, the initial
electrochemical response decreased by 7.2%. This stability is
due to the immobilisation procedure between MWCNTs and IL
within DHP, which provides good adhesion of the proposed
lm on the GCE surface.
The eﬀect of potential interferents in the proposed voltam-
metric procedure was available by DPV measurements for CPF
solutions containing the main concomitants (starch, cellulose,
croscarmellose, silicon dioxide, magnesium stearate, lactose,
and sodium lauryl sulphate) found in commercial pharmaceu-
tical samples at a ratio of 1 : 1. Table 2 shows the RSD calculated
between the peak currents registered for 3.4  106 mol L1
CPF in 0.1 mol L1 phosphate buﬀer solution (pH 7.0) in the
absence or presence of each concomitant. The RSD values
ranged from13.8% to +7.5%, demonstrating a good selectivity
of the proposed voltammetric method.
3.5. Analysis of pharmaceutical CPF samples
The voltammetric procedure developed using an IL-MWCNTs-
DHP/GCE was used for CPF determination in real pharmaceu-
tical samples. Table 3 shows the results obtained for CPF
determination in three samples using the proposed and
comparative spectrophotometric methods.38 The RSDs obtained
were lower than6.7%, indicating good agreement between the
results obtained by the two methods. The results were statisti-
cally compared by a paired t-test at a condence level of 95%.
The texp (0.02) was lower than the tcritical (4.30), indicating no
statistical diﬀerence between the results and good precision of
the voltammetric procedure.
4. Conclusions
In this study, a modied GCE with MWCNTs and IL was
prepared using DHP, Naon, and CTS materials as polymeric
lms. Due to better electrochemical properties, the modied
GCE using DHP was selected for the development of a DPV
method for the determination of CPF in pharmaceutical
samples. The new voltammetric method showed excellent
analytical parameters for CPF detection, such as a detection
limit of 9.20  108 mol L1, and was eﬃciently used to detect
CPF in pharmaceutical samples. Moreover, the electrode is easy
to prepare and presented good results, which was related to the
synergic eﬀect resulting from the excellent properties of IL (high
conductivity) and MWCNTs (electrocatalytic activity and/or
increase of the analytical signal) modiers.
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